The relentless efforts of thousands of researchers have allowed deciphering the molecular machinery that regulates and executes autophagy, thus identifying multiple molecular targets to enhance or block the process, rendering autophagy "druggable". Autophagy inhibition may be useful for preserving the life of cells that otherwise would succumb to excessive self-digestion. Moreover, autophagy blockade may reduce the fitness of cancer cells or interrupt metabolic circuitries required for their growth. Autophagy stimulation is probably useful for the prevention or treatment of aging, cancer (when stimulation of immunosurveillance is the therapeutic goal), cardiovascular disease, cystic fibrosis, infection by intracellular pathogens, obesity, and intoxication by heavy metals, just to mention a few examples. Epidemiological evidence suggests broad health-improving effects for lifestyles, micronutrients, and drugs that favor autophagy. In this review, we discuss the role of autophagy in disease pathogenesis while focusing on the question, which disease will become the first clinically approved indication for therapeutic autophagy modulation.
Facts
• Autophagy is one of the best-studied phenomena in cell biology. Drugs for enhancing or inhibiting general or specific autophagy are being developed.
• Acquired or genetically determined alterations in autophagic flux are involved in multiple pathologies across the entire spectrum of human diseases.
• Autophagy inhibition might be useful for the avoidance of unwarranted autophagy-dependent cell death.
• Chronic autophagy stimulation has a positive impact on preclinical models of aging and multiple distinct agedependent diseases, including arteriosclerosis, cancer, and neurodegeneration. Acute autophagy stimulation also has organ-protective effects in models of ischemia or intoxication.
Open questions
• Optimal pharmacological agents that modulate autophagy at the expense of acceptable side effects must be selected and characterized at the preclinical level.
• For autophagy induction, it remains to be determined whether pharmacological agents are superior to life style interventions (quantity and quality of nutrition, physical exercise) for long-term benefits.
Introduction
The final fate of cells is death, while that of cytoplasmic organelles is macroautophagy [1, 2] . For this reason, many Edited by G. Melino scientists that started their carrier on cell death switched the focus of their work to macroautophagy (hitherto "autophagy"). This move from one area of research to another has also been motivated by the ambiguous effect of autophagy on cell death.
On one hand, autophagy constitutes a formidable process allowing cells to adapt to changing and stressful conditions by removing damaged subcellular structures and by digesting macromolecules to small molecules that then can either be used to fuel bioenergetics or to rebuild new organelles, thus rejuvenating the cytoplasm [3] and perhaps even the nuclear envelope and nucleoli [4] . For this reason, autophagy is viewed as a major anti-aging mechanism that, if stimulated in an adequate fashion at the whole-body level, may enhance health span and longevity [5] [6] [7] . Regrettably, autophagy may also enhance the fitness of cancer cells that attempt to strive in a hostile microenvironment, thus resisting endogenous stressors (absence of trophic support, hypoxia, and attack by the immune system) or therapeutic measures (chemotherapy, radiotherapy, or targeted therapy) [8, 9] . Moreover, autophagy may be important for maintaining the pool of cancer stem cells [10] . Given the cytoprotective action of autophagy, scientists have been reasoning that autophagy should be stimulated when the goal is the preservation of normal cellular or organismal functions [5, 6] , but inhibited when the goal is the treatment of cancer [8, 9] .
On the other hand, deregulated autophagy may participate in the destruction of cells, be it during normal development (to get rid of superfluous cells, especially in model organisms) [11] or in response to environmental stress [12, 13] . Although nowadays the first idea (autophagy improving cellular fitness) largely dominates over the second one (autophagy as a cell death mechanism), there are indeed instances in mammalian pathophysiology in which excessive autophagy may destroy neurons (for instance in neonatal ischemia) [14, 15] or cardiomyocytes (in hypoxia-ischemia) [16, 17] . In this context, suppression of autophagy may protect specific cell types against death, calling for the development of cytoprotective autophagy inhibitors.
In view of the disease-modulatory potential of autophagy, scientists working in academia, biotechnology, or pharmaceutical industry are developing pharmacological autophagy inhibitors and inducers [18, 19] . This effort is encouraged by the increasingly accepted notion that the disease-preventive or therapeutic effects of some widely used drugs and food components can be explained by autophagy stimulation, as exemplified for aspirin [20] , resveratrol [21] , and spermidine [22, 23] . In theory, there are multiple molecularly defined targets to suppress autophagy (each of the essential autophage gene [ATG]-encoded proteins) and to enhance autophagy (by targeting each of the numerous endogenous inhibitors of autophagy). Prominent pharmacological targets for autophagy inhibition include proteases (such as the ATG4 isoenzymes required for the proteolytic maturation of LC3 family proteins), lipid kinases (in particular, phosphatidylinositol 3-kinase catalytic subunit type 3, PIK3C3, which acts within the Beclin 1, BECN1, complex) and protein kinases (especially, Unc-51-like autophagy activating kinase 1, ULK1) [19, 24] . Druggable targets to enhance autophagic flux include a series of negative regulators of autophagy such as multidomain proteins of the BCL-2 family (which can be targeted by socalled BH-3 mimetics and perhaps other agents that disrupt their inhibitory interaction with the Beclin 1/PIK3C3 complex) [25] [26] [27] [28] , the acetyltransferase E1A binding protein P300 (EP300, which is already known as the target of aspirin and spermidine) [20, 29] , the mammalian target of rapamycin complex 1 (MTORC1, which is inhibited by rapamycin and rapalogs), as well as kinases acting upstream of MTORC1 such as the members of the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) and protein kinase B (PKB) families [19, 30] . However, this list is not exhaustive and other potential targets for autophagy modulation must be considered.
In this article, we will provide an opinionated overview on the diseases that might be treated by autophagymodulatory drugs, while polemically centering our focus on the following question. Which will be the first disease(s) to be treated with new drugs designed to enhance or reduce autophagy?
Prime indications for autophagy inhibition
As mentioned above in the Introduction, there are two possible indications for inhibiting autophagy: (i) autophagydependent cell death and (ii) cancer (Fig. 1a) .
Autophagy-dependent cell death
Cell death is often preceded by signs of autophagy, an observation that led to the common belief that autophagy would constitute a major cell death modality ("type-2 cell death") [31, 32] . However, when autophagy is inhibited by specific (i.e., genetic) methods, it turned out that, in most cases, autophagy is not necessary for lethality but rather acts as a cytoprotective mechanisms, hence increasing the resistance of cells to fatal stimuli and avoiding or postponing their death [33, 34] . There are several notable exceptions to this rule. In model organisms, abolition of autophagy can affect the developmental death of some cell types, contrasting though with the observation that complete invalidation of conventional autophagy does not cause any developmental perturbations in mice [11] .
Moreover, in human or mouse cell cultures responding to specific stimuli, cell death may be favored by autophagy (as a process) or by the expression of ATG proteins, meaning that autophagy inhibition or depletion/deletion of ATG gene products increases the resistance of the cells to potentially lethal insults [12, 16] . Thus, in mouse models, genetic inhibition of autophagy may reduce motorneuron loss in amyotrophic lateral sclerosis [35] , as well as cerebral damage after neonatal asphyxiation [14] . Moreover, cardiac glycosides (CGs) can inhibit "autosis", a peculiar autophagy-dependent cell death modality characterized by cytoplasmic vacuolization and separation of the nuclear envelope from the nucleus [36] . The precise molecular mechanisms through which autosis is inhibited by CG remains elusive, although it can be recapitulated by genetic interventions on the Na + , K + -ATPase, the molecular target of CG [16] . Notwithstanding this limitation, it is tempting to speculate that the well-known cardioprotective effects of CG are not only due to a positive inotropic action but may also involve cytoprotection through the suppression of excessive autophagy. Indeed, administration of CG can prevent ischemic lesions to the myocardium in mice [16] . Nonetheless, during recent years CGs have been largely replaced by other drugs, mainly due to safety concerns.
Hence, it remains to be seen whether their recently discovered capacity to inhibit autosis will favor their reintroduction into the clinics.
Cancer
Malignant cells can be considered as abnormally fit cells that have escaped from cell-autonomous tumor-suppressive mechanisms, as well as from immunosurveillance. Although the inhibition of autophagy can stimulate oncogenesis, especially at the initial steps [37] [38] [39] , it has been observed in several instances that autophagy inhibition reduces the growth of advanced cancers [9, 40] . Thus, inducible knockout of Atg7 specifically within cancer cells (as opposed to stromal cells) reduces the growth of lung and pancreas cancers induced by oncogenic KRAS and inactivation of the tumor-suppressor TP53 [41, 42] . There are multiple reports showing that inhibition of autophagy using chloroquine or hydroxychloroquine may sensitize tumors to chemotherapy either in vitro or in vivo [43, 44] . However, chloroquine and its derivatives cannot be considered as specific autophagy inhibitors (they actually mediate autophagy-independent cytotoxicity due to their lysosome-disrupting effects), shedding doubts on the question whether these anticancer effects are truly mediated by autophagy suppression [45, 46] . Beyond the cancer cells themselves, autophagy in other cell types may also contribute to tumor progression. Thus, knockout of ATG genes in endothelial cells can retard tumor angiogenesis [47] , whereas inhibition of autophagy in cancer-associated fibroblasts interrupts trophic support to malignant cells [48] . One recent report shows that an inducible total-body knockout of Atg7 triggers major changes in metabolism including an increase in the hepatic release of arginase 1 (ARG1), causing a reduction in extracellular arginine levels and consequent growth reduction of arginine auxotroph cancers [49] . This suggests that a global (rather than cancer cell-specific) inhibition of autophagy may be used for the treatment of neoplasia. That said, the inducible deletion of Atg7 from the mouse genome causes a general tissue-degenerative phenotype affecting all organs and causing death due to brain dysfunction within approximately 6 weeks [41] . It remains to be determined whether temporary, partial, or intermittent inhibition of autophagy obtained by pharmacological agents can avoid the manifestation of such an accelerated aging phenotype, yet conserve antitumor efficacy in vivo (Fig. 1b) .
Prime indications for autophagy induction
Autophagy induction can be most easily obtained by reduced caloric intake and exercise, yet can also be Fig. 1 Indications for autophagy inhibition. a Hypothetical desirable and side effects of autophagy inhibition are shown in green and red, respectively. b For reducing unacceptable side effects, it may be necessary to administer autophagy inhibitors at a reduced dose and in short-term or intermittent schedules stimulated by "caloric restriction mimetics (CRMs)" and other pharmacological agents [19, 50] . There are a number of pathological conditions that favorably respond to autophagy enhancement (Fig. 2 ).
Aging
In model organisms like yeast, nematodes, and fruit flies, there is overwhelming evidence that any kind of behavioral, nutritional, pharmacological, and genetic manipulation capable of extending longevity induces an increase in autophagic flux and actually requires autophagy to be efficient [51, 52] . Similarly, in mice, it is sufficient to overexpress ATG5 as a transgene [53] or to introduce a gain-of-function mutant of BECN1 (encoding a BECN1 protein that does not interact any more with the autophagy-inhibitory protein BCL-2) [54] to induce an increase in health span and lifespan. Treatment of mice with autophagy inducers including rapamycin (an inhibitor of MTORC1) or spermidine (an inhibitor of EP300) has a positive impact on life expectancy as well [22, 55] . Epidemiological observations in humans confirm that high nutritional spermidine uptake reduces mortality from cancer, cardiovascular disease, and other causes [56, 57] . Hence, spermidine might be used as a safe food supplement to reduce aging and to postpone the manifestations of age-related diseases. At this stage, however, it remains to be seen whether this type of intervention would be sufficiently lucrative for pharmaceutical companies to stimulate prospective clinical trials in this area. Moreover, aging is not yet considered as a disease, meaning that neither the Federal Drug Administration (FDA) nor the European Medical Agency (EMA) would authorize this kind of clinical trial to be launched, unless it would deal with the prevention or treatment of a particular pathology.
Anticancer immunosurveillance
We have given large room to the hypothesis that autophagy should be inhibited for the treatment of cancer (see above). However, there are also arguments in favor of the contrary, i.e., autophagy stimulation for cancer treatment. This debate-should we inhibit or enhance autophagy for cancer treatment?-is fueled by rather distinct visions of tumor pathogenesis. Indeed, most cell biologists have been adhering to the idea that malignant disease arises from genetic and epigenetic alterations within cancer cells [58] . This vision, has recently been revised when it was understood that cancers only manifest when immunosurveillance fails [59] and that antineoplastic therapies (such as cytotoxic chemotherapeutics and radiotherapy) only confer long-term benefits if they are capable of restoring immunosurveillance [60, 61] . Accordingly, the (re)activation of anticancer immune responses using so-called immune checkpoint blockers has become a close-to-universal treatment of neoplastic disease [62, 63] . In this context, it appears that the final outcome of chemotherapies and radiotherapies is not so much determined by the direct induction of cancer cell death but rather is dictated by the vigor of the antitumor immune response. Autophagy induction may favor the release of ATP from stressed and dying cancer cells, thus favoring the recruitment of myeloid cells including that of dendritic cell precursors into the tumor bed [64, 65] . For this reason, pharmacological autophagy inducers may act as immunostimulators in the context of anticancer chemotherapies, provided that the cancer cells are autophagy competent [66] . Accordingly, autophagy competence of malignant cells correlates with local immune responses and treatment outcome in human cancers [67] [68] [69] . Based on these results, it is tempting to speculate that autophagy induction by nutritional interventions (such as fasting or caloric restriction) or pharmacological agents might be introduced into the oncological armamentarium [70] . It appears plausible, yet remains to be clinically demonstrated, that short pulses of autophagy induction (as opposed to a protracted enhancement) would be sufficient to ignite durable anticancer immune responses, if appropriately combined with chemotherapy, radiotherapy, or immunotherapy.
Cardiovascular disease
Accumulating evidence suggests that repeated or continuous autophagy stimulation can protect against most if not all signs of cardiovascular aging including arteriosclerosis, increased arterial stiffness, and cardiac failure [71] . For this reason, dietary and pharmacological measures for enhancing autophagy might be considered for the prevention of cardiovascular diseases, perhaps in the context of a general strategy to promote healthy aging. Moreover, with the exception of the (controversial) maladaptive autophagy occurring during pressure overload [17] , it appears that autophagy induction reduces myocardial damage after acute insult by ischemia. Preclinical evidence suggests that a variety of autophagy inducers including trehalose can improve the outcome of myocardial infarction [72] . Of note, coronary stents releasing rapamycin are FDA/EMA approved because of their superior clinical efficacy [73] . Although the official indication for these stents is the avoidance of restenosis, it can be speculated that they act through local autophagy induction. Pending proof of this concept, it can be envisaged that other (more potent and less immunosuppressive) autophagy inducers will enter the clinics for minimizing tissue damage and improving local repair.
Cystic fibrosis
Cystic fibrosis (CF) is the most frequent monogenetic lethal human disease, caused by loss-of-function mutations of CF transmembrane conductance regulator (CFTR), an ATPgated chloride channel whose malfunction causes an ionic disequilibrium, both in mucus (due to lack or reabsorption of chloride by epithelial cells) and within cells. The most frequent mutation causing CF (responsible for 70-90% of all cases) consists in the deletion of amino-acid 506 (CFTRdel506). It has been thought for long that the cause of CF pathogenesis was the production of thick mucus, leading to infections of the respiratory tract and pancreatic/ gastrointestinal dysfunction [74] . However, recently it has been understood that CFTR malfunction also affects intracellular proteostasis due to the overactivation of transglutaminase-2 (TGM2) and the depletion of the proautophagic BECN1 complex [75] [76] [77] [78] . Feedforward loops amplifying the phenomenon (because TGM2 activation and BECN1 inhibition ultimately cause the disposal of CFTRdel506 protein, totally abolishing its residual function) then lock epithelial cells in a pro-inflammatory state and hinder them to return to homeostasis [77, 79] . Of note, preclinical work in mice and two independent phase 2 clinical trials have shown that TGM2 inhibition with cysteamine combined with epigallocatechin gallate (EGCG, a green tea flavoid that can stimulate autophagy, presumably by inhibiting EP300) [80] efficiently reverse the disease caused by CFTRdel506 [81, 82] . In CFTR del506/del506 mice that are partially autophagy deficient due to BECN1 haploinsuffiency (BECN1 +/-), the combination therapy with cysteamine plus EGCG fails, suggesting that this treatment indeed requires the induction of autophagy [82] . Moreover, respiratory epithelia from CFTRdel506 patients treated with cysteamine plus EGCG exhibit signs of improved autophagy (with increased expression of BECN1 and lipidation of LC3) [82] . Similarly, thymosin-α might mediate its beneficial effects on CF through autophagy induction [83] . Altogether, the clinical results suggest that autophagy enhancement in CF constitutes a safe and efficacious treatment. However, phase 3 clinical trials must be performed to validate this concept and to clear the path to clinical approval of autophagy enhancers.
Infectious disease
Autophagy and ATG proteins are not only involved in the sequestration and destruction of cytoplasmic structures of the cell; they also mediate the clearance of intracellular viruses and bacteria. This process, which then is called "xenophagy" constitutes the most primitive "immune" response, allowing single-cell eukaryotes and individual cells within multicellular organisms to rid themselves from intracellular pathogens. There is strong evidence that this xenophagy plays a major role in human physiology. Inherited defects in autophagy-relevant genes predispose to infectious disease [84] , and some viruses have developed strategies to subvert their xenophagic destruction [85] . Moreover, pharmacological stimulation of autophagy is sufficient to reduce the mortality of mice infected with chikungunya or West Nile virus [86] . Similarly, cysteamine-mediated stimulation of autophagy in macrophages from CF patients (with the CFTRdel506 mutation) can improve their capacity to clear Pseudomonas aerginosa, a bacterium that frequently infects the CF lung [87] . Host resistance against infection by Mycobacterium tuberculosis is determined by xenophagy (mostly in macrophages) [88] , and pharmacological stimulation of autophagy can actually help the host to clear M. tuberculosis [89] . These examples suggest that autophagy stimulation might constitute a valid host-directed therapeutic strategy for treating antibioticresistant infections [90] . Given the surge of multiresistant bacteria and the absolute urgency to control them, it would not be surprising that therapeutic autophagy inducers would find their way into medical routine practice for fighting against antibiotic-resistant infections.
Neurodegeneration
There is overwhelming evidence that loss-of-function variants of genes involved in autophagy including in selective autophagy (such as mitophagy) favor the manifestation of an entire panoply of distinct neurodegenerative diseases ranging from Alzheimer's to Parkinson's, Huntington's and less frequent, though equally terrifying conditions. The precise molecular etiology of these (genetically determined and environmentally modulated) diseases are rather disparate, ranging from defects in cargo detection/sequestration to its degradation along the entire autophagic pathway with its ramifications. As a general scheme, the production of neurotoxic proteins exceeds their proteostatic clearance, meaning that even subtle defects in autophagy cause agedependent neurodegeneration [30] . Based on this consideration, novel safe autophagy inducers have been identified and are ongoing initial clinical evaluation, for instance for the treatment of Huntington's disease [91] . Nonetheless, it remains to be demonstrated that therapeutic interventions on even incipient neurodegenerative disease can disrupt their pathogenesis or whether prophylactic treatments (well before the disease becomes clinically manifest) would be the option of choice. On a pessimistic note, it is possible that close-to-etiological treatments like autophagy induction would be administered at a stage that is too late to arrestlet alone, to revert-the process of neurodegeneration.
Obesity
Obesity, the most frequent pathological condition that afflicts humanity, inhibits autophagy due to multiple reasons including enhanced circulating nutrients (glucose, free fatty acids, triglycerides etc.), and elevated levels of autophagy-inhibitory hormones (insulin, insulin-like growth factor and a series of adiponectins such as leptin) [92] . In aggregate, these factors cause an elevation of intracellular acetyl coenzyme A (CoA) levels coupled to hyperactivation of the PKB/PI3K/MTORC1 pathway, thus inhibiting autophagy [93, 94] . Although formal proof for this assertion is missing, it appears logical that obesity acts as a major accelerator of aging and age-related diseases (including cancer and cardiovascular diseases) due to the chronic inhibition of autophagy [95] . In mice, partial autophagy defects mediated by knockout of Atg4b (genotype: Atg4b -/-) or haploinsufficiency of Atg7 (genotype: Atg5b -/-) predispose to the induction of obesity by high sucrose or high-fat diets, respectively [96, 97] . Logically, it may be attempted to increase autophagic flux to increase energy expenditure and to interrupt the obesity-associated positive feedback loops resulting in ever-more increased appetite and adipogenesis to avoid metabolic syndrome and to retard the manifestation of comorbidities such as diabetes and hepatosteatosis. This is supported by promising evidence in rodent models [98, 99] , yet awaits clinical validation.
Wilson disease
Wilson disease (WD) is the second most frequent lethal monogenetic human disease (after CF). It is caused by lossof-function mutations in ATP7B, an ATPase that is expressed in the plasma membrane of hepatocytes and other cell types to extrude excessive copper ions (Cu 2+ ). Excessive intracellular (and in particular intramitochondrial) accumulation of Cu 2+ over time results into the progressive destruction of mitochondria, culminating in hepatocyte death [100] . In WD patients, as well as in Atb7b -/-rats, autophagy is induced in hepatocytes. In vitro experiments suggest that autophagy induction can protect hepatocytes against Cu 2+ -induced toxicity [101] Thus, beyond the chelation of Cu 2+ [102] , it appears possible that autophagy induction might be useful for the treatment of WD and perhaps other intoxications with heavy metals. It remains to be seen whether the acute management of recently diagnosed, hepato-insufficient WD will involve sessions of autophagy induction to preserve organ function.
Conclusions and speculations
As autophagy is deciphered in its detailed molecular mechanisms, the process has become "druggable", with the promise to enhance or to inhibit the phenomenon at will. Which autophagy-modulatory drug will then win the race to become the first of its class to reach FDA/EMA approval? And for which indication?
General versus selective autophagy modulation
At this stage, it remains to be seen whether the first drug(s) that will reach the clinics will target the core machinery of autophagy or rather influence the recognition/sequestration of specific autophagic cargo (selective autophagy). Indeed, inhibiting the core machinery of autophagy might have major side effects such as acute infectious disease or accelerated tissue aging, whereas excessive stimulation of the phenomenon might trigger autosis in vulnerable cell types. Moreover, many of the core processes of autophagy (such as the action of the BECN1/PIK3C3 complex leading to the generation of phosphatidylinositol 3-phosphate) are not exclusively involved in autophagy [84] , meaning that their manipulation may affect other cellular processes with the consequent risk of side effects. Thus, yet-to-bedeveloped strategies for improving or reducing selective autophagy pathways to cause the specific removal of intracellular pathogens, organelles, and protein aggregates might be preferable over the global manipulation of general autophagy.
Acute versus protracted treatments
There are therapeutic indications for autophagy modulation that may require acute short-term treatments such as inhibition of autophagy for preventing brain damage in neonatal asphyxiation or induction of autophagy for the treatment of infection by multiresistant bacteria or viral pathogens, as well as for the avoidance of organ failure after ischemia or intoxication. However, there are also indications that may require long-term interventions such as the treatment of cancer and, on an even longer scale, the treatment of obesity, neurodegeneration, and aging. Given safety considerations (which become particularly stringent when mild chronic diseases are treated but can be more relaxed in the context of acute life-threatening pathologies), as well as the duration of clinical trials (ranging from a few weeks for acute infection to decadelong interventions for the treatment of aging), it appears probable that the first clinically approved indication for autophagy modulation will be a severe, rapidly developing disease.
Natural versus drug treatments
The natural way of inducing autophagy is exercise, fasting, and dieting, and this is the most efficient way to keep our body young and disease free [95] . Moreover, there are naturally occurring food items containing elevated levels of CRMs, such as the polyamine spermidine or polyphenols, which may enhance autophagy, hence posponing the manifestation of age-associated pathologies. It appears fascinating that, for therapeutic purposes, folk medicine often prescribes fasting, exercise and CRM-containing plants (such as ashitaba containing dimethoxychalcone) [103] . In this sense, autophagy induction is already used in traditional medicine (Fig. 3 ). It will be interesting to see whether new pharmacological agents designed to modulate autophagy will favorably compare with such natural therapies, although there is little doubt that the economic interests linked to modern medical practice, as well as the attitude of the patient/consumer will ultimately favor the oral or parenteral use of fully synthetic compounds.
Old versus new drugs
Some widely used drugs are efficient autophagy inducers. This applies to aspirin, a widely used (and relatively safe) drug that is reputed for its preventive effects on cardiovascular disease and solid tumors [104] . Other, "old" drugs that might be repurposed for autophagy induction include ambroxol [89] , carbamazepine [105] , cysteamine [81] , rilmenidine [91] , and valproic acid [105] , just to mention a few. Although it appears logical to use such drugs with a known safety profile for new autophagy-related indications, the biotechnology and pharmaceutical industry is not interested in developing them for clinical use and hence to introduce them into phase 2 and phase 3 trials. Therefore, patients will have to wait for the development of new, more lucrative drugs that will have to undergo full toxicological evaluation before they can enter phase 1 studies in humans (Fig. 3) . In sum, although some efficient (and safe) drugs for autophagy induction are already available for clinical use, it is almost certain that they will not reach FDA or EMA approval for new indications, unless public sponsors of their clinical evaluation step in. Fig. 3 General considerations on strategies for autophagy induction. Life style modifications (exercise, fasting, diet), natural caloric restriction mimetics (CRMs), old drugs for which autophagy induction has been discovered, as well as completely new drugs may be used to stimulate autophagy for therapeutic purposes
